(19) 



I 



(12) 



EuropSlsches Patentamt 
European Patent Office 
Office europ6en des brevets (11) EP 0 790 472 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

20.08.1997 Bulletin 1997/34 

(21) Application number: 97101841.1 

(22) Date of filing: 06.02.1 997 



(51) IntCl. 6 : F27B3/24, F27D 1/12, 
F27D 9/00 



(84) Designated Contracting States: 


• Poloni, Alfredo 


AT BE DE ES FR GB ITSE 


34070 Fogllano di Redipuglia (GO) (IT) 




• Gensini, Gianni 


(30) Priority: 14.02.1996 IT UD960019 


33030 Bula (UD) (IT) 




• Sellan, Romano 


(71) Applicant: 


34124 Trieste (IT) 


DANIELI & C. OFFICINE MECCANICHE S.p.A. 




33042 Buttrio (UD) (IT) 


(74) Representative: Petraz, Gilberto Luigi 




GLP S.r.l. 


(72) Inventors: 


Piazzale Cavedalis 6/2 


• Pavlicevic, Milorad 


33100 Udine (IT) 


33100 Udlne (IT) 



(54) Cooling device with panels for electric arc furnaces 

(57) Cooling device with panels for arc electric fur- 
naces, which is used in an electric melting furnace in 
cooperation with the vertical sidewall placed above the 
lower shell (11) of the furnace, the furnace comprising 
in its lower part one lower shell (11) to contain a bath 
(12) of melting metal and an upper shell defined by a 
plurality of panels (16) comprising a plurality of cooling 
tubes (17), the lower shell (1 1) including at its outer part 
a metallic containing element (15), the inner refractory 
having an upper edge (19) located substantially at the 
level of the upper edge of the layer of slag (14) con- 
tained above the bath (1 2) of melting metal, at least part 
of the outer panel (16) consisting of a horizontal row 
(18) of cooling tubes (1 7) arranged slightly above a sub- 
stantial part of the upper refractory edge (19) of the 
lower shell (11). 
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Description 

This invention concerns a cooling device with pan- 
els for electric arc furnaces, as set forth in the main 
claim. 

The device according to the invention is applied to 
electric arc melting furnaces in cooperation with the 
sidewalls and upper walls of the furnace and, to be 
more exact, to the lateral zone immediately above the 
refractory lower shell which holds the bath of melting 
metal. 

The structure of electric melting furnaces and, in 
particular, of electric arc furnaces is known. 

These furnaces include in their lower part a refrac- 
tory lower shell, which incorporates the hearth of the 
furnace and above which is included an upper shell that 
acts as a sidewall on which are positioned the cooling 
panels. 

In the state of the art the sidewall of the furnace is 
defined by a row of those lateral panels arranged sub- 
stantially at the upper edge of the lower shell; this situa- 
tion makes possible the at least partial formation of a 
layer of slag, which fixes itself to those panels but is not 
enough to protect the refractory material from the very 
violent thermal and chemical stresses met with in the 
present arc furnaces. 

This layer of slag has an insulating task of reducing 
the flow of heat and therefore of preserving the cooling 
panels at least partly from premature wear. 

This arrangement, however, is not particularly 
effective since the slag fixes itself with difficulty to the 
inner surface of the panels and therefore cannot form a 
compact and uniform layer suitable to perform effec- 
tively the task of thermal insulation. 

Moreover, it is known that one of the greatest short- 
comings which take place in a melting furnace with the 
progress of the melting cycles concerns the wear and 
progressive erosion of the refractory material constitut- 
ing the lower shell in the zone at the level of the upper 
edge of the slag, that is to say, substantially at the upper 
circular strip of the lower shell. 

In this upper zone of the lower shell the combina- 
tion of the temperature and of the effects of the violent 
chemical reactions taking place during the melting proc- 
ess leads to accentuated occurrences of erosion which 
damage structurally the refractory material progres- 
sively. 

This forces the operatives to take action between 
one cycle and another so as to restore the correct con- 
ditions of efficiency of the refractory and therefore to 
obviate the risk of break-outs very dangerous for the 
safety of the personnel. 

Moreover, with this type of panel the heat flow 
directed towards the outside of the furnace is very great 
and a great quantity of energy is lost. 

This is due to the great extent of the surface on 
which the heat exchange takes place inasmuch as the 
tubes forming these panels are adjacent to each other 
and cover the whole lateral surface of the furnace in the 



zone where there is no refractory material. 

GB-A-2.270.146 shows an electric furnace with lat- 
eral cooling panels located above the shell and with 
cooling tubes which act on the zone of the lower refrac- 

5 tory shell. 

DE-C-4223 1 09 shows panels with a plurality of hor- 
izontal mono-tubes arranged in two parallel rows and 
separated at regular intervals. 

EP-A-0699885, published after this invention was 

10 filed, shows a cooling system for the upper edge of the 
refractory part of the furnace. 

This system includes a plurality of cooled tubes 
arranged in a 'IT with the vertical tubes facing towards 
the bath of liquid metal. 

15 This arrangement entails a plurality of problems, on 
the one hand because the continuous tubes, in the 
event of a breakage, become unusable, and on the 
other hand because, as they face the bath of liquid 
metal, they are easily subject to perforations. 

20 On the contrary, if these tubes were to be protected, 
they would no longer achieve the desired effect. 

The present applicants have designed, tested and 
embodied this invention to overcome these problems, 
which have been the subject of complaints by business- 
es men in this field for some time now, and also to achieve 
further advantages. 

This invention is set forth and characterised in the 
main claim, while the dependent claims describe vari- 
ants of the idea of the main embodiment. 

30 The purpose of the invention is to provide a cooling 
device with panels in electric furnaces, the device ena- 
bling the problem of progressive wear of the refractory 
at the upper circular strip of the lower shell to be avoided 
or at least greatly reduced. 

35 A further purpose of the invention is to embody a 
cooling device with panels which enables the insulation 
properties of the layer of slag to be exploited in the most 
efficient manner, thus preserving the panels against 
progressive consumption and wear and therefore 

40 increasing the working life of those panels considerably. 
Yet another purpose of the invention is to obtain a 
cooling device with panels in which the critical points 
are reduced to a minimum along the hydraulic circuit 
defined by the cooling panels and therefore the possibil- 

45 ity of breakdowns and cracking of the cooling device is 
reduced. 

According to the invention the cooling device with 
panels comprises at least one row of cooling tubes 
arranged substantially horizontally, or even partly 

so inclined downwards and outwards, in cooperation with 
the upper edge of the refractory lower shell which holds 
the melting bath . 

This substantially horizontal row of tubes is easily 
covered by the slag which protects it and has the pur- 

55 pose of cooling the upper zone made of refractory mate- 
rial of the lower shell substantially at the upper level of 
the slag present on the bath of liquid metal, this zone 
being thus more subject to wear and erosion caused by 
the slag during the progress of the melting cycle. 



3 



EP 0 790 472 A1 



4 



The cooling action of this substantially horizontal 
row of tubes drastically reduces the wear on the refrac- 
tory of the lower shell by the slag on the bath of liquid 
metal. 

According to the invention, the row of tubes which s 
cooperates with the upper edge of the refractory of the 
lower shell consists of panels, that is to say, of autono- 
mous elements each of which covers a certain round 
angle of the circular crown defined by the edge. 

According to a variant, the upper zone of the lower 10 
shell is conformed as a refractory ring having a diameter 
greater than the lower part of the furnace. 

The height of the ring may be substantially the 
same as the height of the layer of slag on the bath of liq- 
uid metal ; according to another variant, the height of the is 
ring is greater than the height of the layer of slag. 

The inclusion of this ring enables the surface of 
heat exchange to be increased between the upper 
refractory zone of the lower shell and the cooling device 
with panels according to the invention. 20 

According to this embodiment, the refractory ring is 
cooled by at least one row of tubes, substantially hori- 
zontal or even partly inclined downwards and outwards, 
which covers the whole upper surface of the ring and 
then extends outside the upper sidewall of the furnace. 2s 

According to a variant the ring is cooled also along 
its vertical side so as to increase the quantity of flow of 
heat removed by the cooling device. 

According to a further variant the ring is cooled at 
least partly at its lower edge too, and as far as the outer 30 
edge of the lower shell. 

According to these last two embodiments, a plural- 
ity of holes are provided in the sheet metal outer con- 
taining element for the discharge of water in the event of 
breakage of one or more of the cooling tubes. 35 

According to a further variant the sheet metal outer 
surface which protects and mechanically contains the 
refractory ring placed in cooperation with the layer of 
slag above the bath of liquid metal is cooled by a plural- 
ity of jets of water. 40 

According to this variant, the water which laps the 
outer surface evaporates in the environment and 
removes heat from the refractory ring without causing 
shortcomings. 

According to this variant, it is also possible to use a 45 
closed system in which the water sprayed by these jets 
is collected and re-used. 

The substantially horizontal row of cooling tubes, 
according to the invention, is located, in relation to the 
melting bath, above the zone considered to be the so 
safety zone, and is protected by its horizontal position 
which enables it to be rapidly covered by the slag; this 
contributes towards increasing the quotient of reliability 
of the panel as regards any breakages and losses of 
water in a zone which is especially near to the molten 55 
bath. 

According to the invention, in cooperation with the 
horizontal row of tubes which cools the upper edge of 
the lower shell and above that row, the cooling device 



comprises a double layer of cooling tubes organised as 
panels. 

This double layer of cooling tubes, namely an inner 
layer and an outer layer respectively in relation to the 
inside of the furnace, develops substantially vertically 
so as to cover a substantial part of the inner sidewall of 
the furnace above the lower shell. 

According to the invention, the outer layer of each 
individual panel, that is to say, the layer which cooper- 
ates with the outer part of the furnace, is composed of 
tubes arranged substantially in contact with each other, 
thus forming substantially a continuous wall. 

Also according to the invention, the inner layer of 
cooling tubes is rarefied and is placed at a certain dis- 
tance from the outer layer and can be parallel or inclined 
with respect thereto. 

The rarefaction of the tubes of the inner layer there- 
fore leaves wide open spaces between one tube and 
the other. 

The outer cooling tubes are continuous for each 
panel or, according to a variant, subdivided into several 
autonomous circuits. 

The inner cooling tubes are continuous and nor- 
mally constitute a single circuit. 

The inclusion of this double layer of cooling panels 
allows the slag to enter and be retained; it also makes 
possible a better fixture of the slag to the panels, with 
the result of a formation of a thicker, more compact and 
more uniform layer in the interspace between the two 
layers of panel, so as to function as protection and a 
heat accumulator. 

In fact, the slag in the space between the two layers 
of panels is kept at a temperature lower than the melting 
temperature owing to the heat exchange with the tubes. 

Thiis slag is therefore not readily removed, even 
during the steps of charging the furnace when the 
mechanical stresses cause the release and the falling of 
the slag from the panels in the present furnaces. 

Moreover, this slag remains hot during the tapping 
step, and the stored energy is yielded thereafter to the 
new charge, thus making possible a great saving of 
energy. 

According to the invention, at least the inner layer of 
tubes includes means to support and anchor the slag. 

This slag, which anchors itself onto the inner layer, 
has a temperature of about 1350°C. corresponding to 
the melting temperature; moreover, this molten slag, 
which possesses a thermal conductivity greater than 
that of the solid slag present between the inner and 
outer layer of the panel, prevents local overheating due 
to discharges of the arc. 

Moreover this molten slag distributes the thermal 
and mechanical stresses due to those discharges over 
a huge area and transfers them downwards during its 
teeming onto the panels. 

The cooled refractory edge too of the lower shell is 
further protected by the slag which continues to teem 
onto that edge inasmuch as the flow of slag does not 
become exhausted but continues to be fed by the 
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reserve of slag accumulated between the inner and 
outer layers of the individual panel. 

This solution leads to considerable advantages as 
regards protection against the wear and consumption of 
the panels themselves; moreover, it gives advantages in 
terms of duration and energy saving. 

In the embodiment according to the invention the 
layer of slag between the two layers of a panel may 
reach a thickness up to 200 mm. 

So as to prevent excessive teeming of the liquid 
slag from the tubes of the two layers of each individual 
panel and to assist the anchorage of new slag, those 
tubes may be equipped with elements to anchor the 
slag which are of a traditional type, such as metallic 
hooks for instance. 

However, the traditional hooks positioned on the 
tubes of the inner panels are often damaged and melt 
and cannot withstand the great flow of heat which they 
undergo owing to the insufficient coefficient of heat 
exchange of the metal of which they consist. 

So as to obviate this problem, a variant of the inven- 
tion provides for the employment of anchorage ele- 
ments consisting of a series of cooled rings of a material 
possessing great thermal conductivity such as copper, 
for instance, these rings not only enabling the slag to be 
anchored but making possible a great flow of heat 
towards the cooled tube. 

The form of the ring according to the invention can 
be toroidal or notched so as to increase the anchorage 
of the slag. 

The cooled rings can be welded to the tube or be fit- 
ted thereto without welding when the coefficients of 
thermal expansion of the tube and of the ring are such 
as to enable their surfaces to be in contact with each 
other. 

According to a further variant, the elements to 
anchor the slag consist of hooks having any shape and 
comprising elements of a material having a great ther- 
mal conductivity. 

The inner layer of tubes of the individual panel is 
secured to the outer layer by fixture hooks to obtain con- 
nection and reciprocal positioning. 

These hooks, even if they are protected by the slag 
forming in the interspace between the two layers of pan- 
els, undergo great mechanical and thermal stresses 
and have a determined attainable limit of maximum 
length, which therefore limits also the maximum thick- 
ness of the insulating layer of slag. 

According to a variant of the invention these con- 
necting hooks are embodied with a bimetallic structure 
suitable to increase their heat resistance and mechani- 
cal strength. 

Where the working conditions require a thickness of 
slag such as will make necessary a greater distance 
between the inner and outer layers of the individual 
panel, a variant of the invention arranges for insertion of 
a third intermediate layer, which likewise does not cover 
the whole surface of the panel, so as to reduce the 
length of the hooks and, at the same time, to cool them 



in the correct manner. 

According to a further variant the connecting hooks 
are cooled internally by circulation of a cooling fluid. 

According to the invention the tubes employed are 
5 of a type without welding, thus reducing considerably 
the critical points most subject to the thermal stresses 
and increasing greatly the working life of the panels. 

The tubes which form the panels can have, accord- 
ing to a further variant, sections of a non-circular shape 
w so as to optimise the coefficient of heat exchange by 
adjusting the speed of the cooling water and reducing 
the overall rate of flow of water by making the water cir- 
culate only in the part of the tube exposed to the flow of 
heat. 

is According to this variant, embodiments can be 
used which provide for insertion of one tube within 
another tube, or include half-moon sections or other 
types of sections. 

The part of the tube in which the cooling water does 

20 not circulate may be filled with suitable material or fluid 
or be left empty. 

The attached figures are given as a non-restrictive 
example and show some preferred embodiments of the 
invention as follows: - 

25 

Fig. 1 shows a part of the lower portion of an 

electric furnace equipped with a cool- 
ing device with panels according to the 
invention; 

30 Fig.2 shows a first variant of Fig.1 ; 

Fig.3 shows a second variant of Fig. 1 ; 

Fig.4 shows a third variant of Fig.1 ; 

Fig.5 shows a front view of an inner layer of 

cooling tubes according to the inven- 
35 tion; 

Fig.6 shows an example of a hook for con- 

necting the inner and outer layers; 

Fig.7 shows a variant of Fig.6; 

Figs.8 and 9 show respectively a front view and a 
40 view from above of the cooling device 

with a double layer of cooling tubes 
according to the invention; 

Fig. 1 0 shows a cross-section of a cooling tube 

equipped inwardly with a second tube 
45 to reduce the rate of flow; 

Fig.1 1 shows a variant of Fig.1 0; 

Fig. 12 is a side view of a cooling tube 

equipped with elements for anchorage 
of slag; 

so Fig.13 shows a variant of Fig. 12. 

An electric furnace, of which the lower portion is 
shown partly in Figs.1 to 4 comprises a lower shell 11 
consisting of a refractory material and acting as a con- 
55 tainer for a bath 12 of melting metal. 

This bath 12 of melting metal has an upper level 13 
above which is included a layer of slag 14. 

The lower shell 1 1 cooperates on its outside with a 
metallic supporting and containing element 15. 
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The furnace comprises above the lower shell 1 1 a 
circular upper shell defined by a plurality of cooling pan- 
els 16 comprising a plurality of adjacent tubes 1 7 inside 
which a cooling liquid circulates. 

This plurality of cooling panels 1 6, which stand sub- 5 
stantially vertical above the lower shell 11. constitutes 
the cooling device 10. 

The cooling device 10 according to the invention 
also includes a panel, or a portion of panel 16, com* 
posed of a plurality of adjacent cooling tubes cooperat- 
ing directly with the upper refractory edge 19 of the 
lower shell 11. 

These cooling tubes, or horizontal row 18 have the 
task of cooling intensively the upper zone of the lower 
shell 1 1 , which zone is located substantially at the level 
of the layer of slag 1 4, which is above the bath of molten 
metal 12. 

This refractory zone of the lower shell 1 1 , as is well 
known, is most subject to progressive wear and erosion 
during the progress of the melting cycle. 

In the embodiment of Fig.1 the panel consisting of 
the cooling tubes 1 8 cooperates with a plurality of tubes 
17 placed substantially in contact with each other; the 
plurality of tubes 17 constitutes the outer layer 116 of 
the panel 16 and extends vertically above the upper 
edge 19 of the lower shell 11 and to the substantially 
outer periphery of the lower shell 1 1 . 

The panel 16, in this case, comprises above the 
horizontal row 18 a double layer of cooling tubes, 
respectively the outer layer 1 16 and the inner layer 22. 

The two layers of cooled tubes 116 and 22, which 
constitute the vertical walls of the panel 16, define 
between them an interspace 23 inside which the slag 
accumulates to form an insulating layer which protects 
the layers 1 16,22, and the horizontal row 18, from con- 
sumption and from wear. 

The structure with two layers 1 1 6 and 22 of the pan- 
els 16 makes it possible for the slag to be retained and 
anchored inside the interspace 23, and thus to form a 
layer of slag of the desired thickness which is compact, 
uniform and constitutes a heat accumulator. 

The distance between the two layers 116, 22 is 
advantageously between about 50 mm and about 150 
mm; with such a structure, the thickness of the layer of 
slag can reach as much as 200 mm. 

Fig.1 shows as an example liquid slag 31 running 
down from the panels 16. 

In this case the outer side of the lower shell 1 1 is 
cooled with jets of water by means of appropriate noz- 
zles 32. 

According to the variant of Figs.2, 3 and 4, the 
upper refractory portion of the lower shell 1 1 is shaped 
like a ring 20 which has an outer diameter greater than 
the outer diameter of the containing element 15. 

This upper portion shaped like a ring 20 has a 
height at least equal to the height of the layer of slag 14. 

The upper refractory portion shaped like a ring 20 
has its own containing, protecting and supporting ele- 
ment 115, which is made of metal. 



This upper refractory portion shaped like a ring 20 
cooperates at least for the length of its upper horizontal 
extent (Fig.2) with the first horizontal row 1 18 of cooling 
tubes, thus increasing the surface of heat exchange at 
the critical zone and a greater removal of the flow of 
heat. 

According to the variant of Fig.3. there is also 
included a vertical row 218 of cooling tubes. 

Acccording to the invention, there is a plurality of 
discharge holes 21 included in the outer containing ele- 
ment 115 and having the purpose of discharging the 
cooling liquid in the event of breakages or breakdowns 
in the cooling circuit. 

According to a further variant shown in Fig.4 there 
is a further lower horizontal row 318 of cooling tubes. 

According to the invention the inner layer 22 of the 
panel 16 may have a development substantially parallel 
to the outer layer 116 (Figs.1 and 2), or may have a 
development parallel in its first, lower segment, that is to 
say the one nearest the lower shell 1 1 , where the insu- 
lation is more important, and then inclined towards the 
outer layer 1 16 in its upper segment (Fig.3), or else may 
have a development inclined along its whole length 
(Fig-4). 

In these cases the inclination of the inner layer 22 
towards the outer layer 1 16 of cooling tubes 17 defines 
an angle "a" between 8° and 30°. with the angle "a" 
being able to vary from panel 1 6 to panel 1 6. 

The greater or lesser inclination of the inner layer 
22 may depend also on the proximity or otherwise to the 
electrodes of the furnace. 

The anchorage of the slag to form the insulating 
layer on the outer layer 116 and/or the inner layer 22 is 
assisted by the inclusion of anchorage elements 24 
(Fig.5) distributed substantially along the whole surface, 
and also by the inclusion of connecting hooks 25 
between the inner layer 22 and outer layer 116. 

Fig. 12 shows a cooling tube 17 equipped with 
anchorage elements 24 consisting of cooling rings of a 
material possessing a high thermal conductivity. 

Fig. 1 3 shows a variant of Fig. 1 2 with the anchorage 
elements 24 consisting of hooks of a material having a 
high thermal conductivity and possibly embodied with a 
bimetallic structure. 

The layers constituting the panel 16 are embodied 
by using tubes 17 devoid of welding, thus eliminating 
the critical points due to the welding and especially sub- 
ject to thermal stresses during the working of the fur- 
nace. 

In this case the tubes 17 are formed by bending in 
the hot state. 

The hooks 25 which connect the inner layer 22 to 
the outer layer 1 16 of the panel have to be especially 
resistant to the mechanical and thermal stresses. 

The greatest distance between the layers 116 and 
22 and therefore the thickness of the layer of slag which 
forms in the interspace 23 is tied to the capacity of 
resistance of the hooks 25, which are especially 
stressed in their centre zone, namely the zone most dis- 
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tant from the layers 116 and 22 and therefore less 
cooled. 

In this example, the hooks 25 are embodied with a 
copper core 26 having a high thermal conductivity and 
with an outer steel lining 27, which has high properties 
of mechanical strength and is capable of making the 
hooks 25 resistant to impacts and of permitting an eas- 
ier connection to the walls of the tubes 17 constituting 
the layers 116, 22. 

Each hook 25 has a critical temperature, above 
which its central zone cannot be brought without run- 
ning great risks of breakages and breakdowns, and this 
fact dictates the maximum distance at which the layers 
116, 22 can be located from each other. 

Where the working conditions of the furnace make 
necessary an increase of the distance between the lay- 
ers 1 16, 22, it is possible to include a third intermediate 
layer 28 of cooling tubes and to lessen the length of the 
hooks 25 and to cool them at the same time (Fig.7). 

According to a variant which is not shown, the con- 
necting hooks 25 are cooled internally by circulation of 
a cooling fluid. 

Fig.9 shows also an engagement hook 29 which 
enables the panels 16 to be readily handled. 

According to the embodiment of the invention 
shown in Figs. 10 and 11 the tubes 17 have sections 
other than a circular section and/or cooperate internally 
with partition means. 

For example, the partition means consist of a sec- 
ond tube 30, so as to restrict the rate of flow of cooling 
water at the less hot points, thus achieving a saving of 
energy and a better efficiency of the furnace. 

Claims 

1 . Cooling device with panels for electric arc furnaces, 
which is used in an electric melting furnace in coop- 
eration with the vertical sidewall placed above the 
lower shell (1 1) of the furnace, the furnace compris- 
ing in its lower part one lower shell (1 1) to contain 
the bath (12) of melting metal and an upper shell 
defined by a plurality of panels (16) comprising a 
plurality of cooling tubes (17), the lower shell (11) 
having at its outer part a metallic containing ele- 
ment (15), the inner refractory having an upper 
edge (19) located substantially at the level of the 
upper edge of the layer of slag (14) contained 
above the bath (12) of melting metal, the device 
being characterised in that at least part of the outer 
panel (16) consists of a horizontal row (18) of cool- 
ing tubes (17) arranged immediately above a sub- 
stantial part of the upper refractory edge (19) of the 
lower shell (11). 

2. Cooling device as in Claim 1, in which the upper 
portion of the lower shell (1 1) includes a refractory 
ring (20) extending outwardly beyond the perimeter 
of the containing element (15) and having an upper 
edge (19) covered by an outer panel (16) com- 
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posed of a horizontal row (118) of cooling tubes 
(17). 

3. Cooling device as in Claim 2, in which the refractory 
5 ring (20) has a height at least equal to the height of 

the level of the layer of slag (14) located above the 
melting bath (12). 

4. Cooling device as in Claim 2 or 3, in which the outer 
10 vertical wall of the refractory ring (20) cooperates 

with an outer panel (16) including a vertical row 
(218) of cooling tubes (1 7). 

5. Cooling device as in any claim from 2 to 4 inclusive. 
15 in which the lower wall of the refractory ring (20) 

above the lower shell (1 1) cooperates with an outer 
panel (16) including a horizontal row (318) of cool- 
ing tubes (17). 

20 6. Cooling device as in any claim from 2 to 5 inclusive, 
in which the refractory ring (20) cooperates with a 
metallic outer containing element (115). 

7. Cooling device as in Claim 6, in which the outer 
25 containing element (1 1 5) contains at least one hole 

(21) at a lower position of the element itself (115). 

8. Cooling device as in any claim hereinbefore, in 
which the outer panel (16) includes an outer layer 

30 (116) and at least an inner layer (22) of cooling 
tubes (17), the layers (116, 22) developing vertically 
and separated by an interspace (23). 

9. Cooling device as in any claim hereinbefore, in 
35 which the outer layer (1 16) of the outer panel (16) 

includes the cooling tubes (17) adjacent to each 
other and substantially covering the whole surface 
of the panel (16) itself. 

40 10. Cooling device as in any claim hereinbefore, in 
which the the inner layer (22) of the panel (16) 
includes the cooling tubes (17) separated from 
each other by wide spaces. 

45 11. Cooling device as in any claim from 1 to 10 inclu- 
sive, in which the inner layer (22) is at least partly 
parallel to the outer layer (116). 

12. Cooling device as in any claim from 1 to 10 inciu- 
so sive, in which the inner layer (22) is at least partly 

inclined by an angle "of between 8° and 30° to the 
outer layer (116). 

13. Cooling device as in any claim hereinbefore, in 
55 which at least the inner layer (22) is embodied with 

a continuous tube. 

14. Cooling device as in any claim hereinbefore, in 
which the inner layer (22) and outer layer (116) of 
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the panels (16) are connected to each other by con- 
necting hooks (25). 

15. Cooling device as in Claim 14, in which the con- 
necting hooks (25) have an inner copper core (26) 5 
and an outer steel lining (27). 

16. Cooling device as in Claim 14 or 15, in which the 
connecting hooks (25) include a conduit for the cir- 
culation of cooling fluid. 10 

17. Cooling device as in any claim hereinbefore, in 
which at least the inner layer (22) comprises on its 
surface means to anchor and engage (24) the slag. 

15 

18. Cooling device as in Claim 1 7, in which the anchor- 
age and engagement means (24) are made of a 
material having a high thermal conductivity. 

19. Cooling device as in any claim hereinbefore, in 20 
which the cooling tubes (17) contain inner partition 
means (30) which define a first zone for the pas- 
sage of the cooling water, this zone being exposed 

to the zone of removal of the thermal flow and at 
least a second zone not affected by the passage of 25 
the cooling water. 

20. Cooling device as in any claim hereinbefore, in 
which between the inner layer (22) and the outer 
layer (116) there is at least an intermediate layer 30 
(28) of cooling tubes (17). 
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